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(From Line 1 of Column l) 

6 BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 is a skeleton drawing of one embodiment of the present 
invention. Figs. 2 to 4 are characteristic diagrams of the 
embodiment* Fig. 2 is a diagram of revolution speed of each part 
corresponding to the revolution speed of an output shaft, Fig. 3 is a 

10 torque characteristic diagram, and Fig. 4 is a power characteristic 
diagram. Figs. 5 to 8 show modified examples, and Fig. 9 is a 
velocity diagram of Figs. 7 and 8. Figs. 10 and 11 also show 
modified examples, and Fig, 12 is a velocity diagram of Fig, 10. 
Figs. 13 to 20 are explanatory diagrams in the case of decelerating 

15 a motor 2 in two speed: Pig, 13 is a torque characteristic diagvam of 
that case, and Figs. 14 to 20 individually show modified examples 
of that case. Figs. 21 to 27 are explanatory diagrams of a type 
which is allowed to overdrive to an engine' Figs. 21 and 22 show an 
embodiment of that, Fig. 23 is a velocity diagram of that, Fig. 24 is 

20 a torque relationship diagram corresponding to speed of a vehicle, 
Figs. 25 and 26 show another embodiments, and Fig. 27 shows 
another example of a torque characteristic diagram. Figs. 28 and 
29 show two examples of a planetary gear set mechanism having no 
internal gear, which is applicable to the present invention* in each 

25 drawing, 4 is its front view, D is its side view, and Figs. 30 to 32 
show an embodiment of that. Besides, Fig. 39 shows an example of 
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electricity receipt relationship diagram. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a differential type 
5 electromotive continuously variable transmission, and basically, it 
has been conceived based on a concept as an automatic 
transmission of an electric motor-driven type. However, this 
invention can be utilized as a hybrid type electric vehicle by means 
of employing an appropriate storage battery. Moreover, a split 
10 method is employed for power transmission: one of the routes is to 
convert energy by an electric generator or an electric motor, and the 
other route is to transmit energy mechanically directly. Therefore, 
transmission loss is very seldom. 

Furthermore, it is possible to use only mechanical drive mainly for 
15 normal driving. Compared with an ordinary gasoline-fueled 
automobile! air pollution due to emission is rather less, because a 
smaller capacity engine is employed and a throttle valve is always 
fully opened. A total of an engine output and a motor output is a 
total power output so that a smaller than that of ordinary hybrid 
20 method which utilizes only the motor output is sufficient. The 
electrical output is used together with the engine output only for 
starting to move, climbing a hill, or outputting a maximum speed 
whereas the electric power is not used for driving on a flat road, so 
that there is an advantage as it is sufficient for the storage battery 
25 to have a small capacity. 

The first example of the present invention will be described 
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hereinafter. An input power from the engine is applied to a carrier 
of a simple planetary gear mechanism and then distrihuted to a sun 
gear and a ring gear. Energy of the sun gear rotates a rotor of the 
electric generator to generate electricity. The ring gear is 
5 connected directory with an output shaft so that a power is 
transmitted for moving the vehicle mechanically. However, this 
torque is insufficient to start moving and climbing a hill. 
Therefore, the energy generated electrically is applied to the motor 
connected directly with the output shaft to be regenerated as a 

10 bigger torque. The sun gear rotates at a higher speed than the 
output shaft when the vehicle is stopped so that the electric 
generator can be downsized. It is possible to be speed up the 
motor in case of the route from the motor to the output shaft by 
reducing the speed so that the motor also can be further downsized. 

l5 Moreover, a bigger output power can be obtained by means of 

rotating the motor at a high speed by shifting to the second gear 
when the vehicle is traveling at a low speed. Also, the engine 
output corresponding to a traveling resistance can be obtained 
under overdrive status while the output power is transmitted from 

20 the engine to the output shaft by means of rotating the engine side 
at a lower speed than the output shaft. Fig. 1 is a skeleton 
drawing showing an example of the present invention. Power P/ 
transmitted to an input shaft I from the engine is then transmitted 
to the carrier Ci of the planetary gear and split in two. The sun 

25 gear Si of the planetary gear rotates a rotor GR of the electric 
generator, while the ring gear Ri rotates a field GF. The field GF 
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of the electric generator is directly connected with an intermediate 
shaft (output shaft) Oi and rotates simultaneously. The 
relationships among the input shaft I, the intermediate shaft Oi, 
and the rotor GR of the electric generator are as shown in Fig. 2. 

5 A rotor MR of the motor is installed on the intermediate 

shaft Oi. A field MF of the motor is fixed to a vehicle hody B, and 
the rotor MR is connected with an output shaft Oa. A controller CT 
makes the electric generator generate electricity with keeping the 
difference of the rotating speed of the field and the rotor by 

10 controlling a field current of the electric generator to adjust an 
absorbed torque of the electric generator, and then sends the 
current to a storage battery E. For that purpose, the input shaft 
Kor the engine) and the output shaft Og comprise governors Qy and 
G 0 . An instruction is given to the controller CT by an accelerator 

15 pedal A to compare the rotating speed of the output shaft, so that a 
driving torque of the motor is controlled. A generation torque of 
the motor can be increased to accelerate a vehicle when the 
accelerator is stepped, while the control is executed utilizing the 
motor itself as the electric generator to recovering the electricity 

20 when the accelerator is released. Besides, CL represents a 
directory coupled clutch, and PB represents a parking brake. 

(From the Line 2 of the column 7) 

25 In Fig. 7, the speed of the electric generator is increased 

against the input shaft I, and the speed of the output shaft O2 is 
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reduced against the motor. As shown in Fig. 8, to arrange the 

electric generator forward is convenient for the arrangement of a 

flash, and enables to separate the electric generator and the motor 

and connect those with a propeller shaft. 
6 Fig. 9 is a velocity diagram of Figs. 7 and 8 with assumption 

of h = 3, h = 2 (Ny max = SOOOrpm, N* max = 15000rpm). Each 

longitudinal line is a functional scale showing the revolution speed 

of each gear, and diagonal lines are showing that the relation of the 

speed of each gear is in a straight line, 
10 In Fig. 10, direction of the revolution has to be opposite, but 

the speed reduction ratio can be small. 

As shown in Fig. 11, the speed reducing ratio of the motor 

becomes small in the forward direction, if double pinion type 

planetary gear sets R2/ s C2*, and are employed. 
L 5 Fig, 12 is a velocity diagram of Fig. 10 with assumption of h 

= 3, h - 2.B (maximum revolution speeds of the electric generator 

and the motor are congruent with each other). 

There is an anxiety on each of aforementioned example, such 

as sufficient power cannot be outputted in case of starting to move 
20 on an abrupt slope. As a countermeasure for that, it is effective to 

employ the power transmitting route from the motor to the output 

shaft as a two speed axle device, a low speed range of which is used 

for starting to move and climbing a hill, and a high speed range of 

which is used while driving a flat road. 
25 Fig. 13 is a performance curve and in this case, in which 0, h, 

f, u» p represent a performance curve in the low speed range, and o'", 
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h\ f, n\ p' represent a performance curve in the high speed range. 
The magnitude of the torque ah is three times as big as cu, however, 
the speed reduction ratio is assumed as 2.5, so that ah is 7,5 times 
as big as cu> and V is three times as big as pu. If the speed of the 
5 vehicle at point pis assumed as 150km/h, the speed at point p' is 
60km/h. 

There are various arrangements with a motor with a speed 
reducing gear, which comprises such characteristic. In the 
embodiment shown in Fig. 14, two simple planetary gears are 

10 arranged in line. The power transmitting route to the output 
shaft O2 from the motor releases a high clutch CH in case of low 
speed driving and reversing, and then fixes the ring gear of the 
third planetary gear set 7a by engaging a low break LB. The motor 
is rotated in the forward direction in case of low speed driving, and 

15 rotated in the opposite direction in case of driving reversal. The 
low break LB is released and the high clutch CH is engaged in case 
of a high speed driving. Now, assuming dimensions of the second 
planetary gear set h and the third planetary gear set h are same, 
and assuming pitch arcuate radii of the ring gears of those are 

20 7-times as the pitch arcuate radius of the sun gear, a speed range 
ratio of the motor of the output shaft to the rotor in each speed 
range is as follows- 
Low speed: Rl - (;+ l) 2 
High speed: R 2 = (/ + l) 

25 -'-Ri / Ra " 0+ J) 

For example, if 7 = 2.0, Ri - 9.0, R2 = 3.0, and R1/R2 "3.0. 
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In this figure, the electric generator GF and the motor MR are 
connected through the propeller shaft P. It can be utilized for 
improving a weight distribution of the vehicle by means of 
integrating the electric generator and the engine, and arranging 
5 the motor in the vicinity of the rear driving shaft with separating 
from those. Figs. 15 to 17 show another set of speed reduction 
gears. In any of those three examples, the propeller shaft P is 
engaged with the ring gear of the second planetary gear set h and 
with the carrier of the third planetary gear set h, being connected 

10 with the output shaft. Also, the sun gear of the second planetary 
gear set h and the ring gear of the third planetary gear set 7 3 are 
engaged together and connected with the high brake HB. The 
carrier of the second planetary gear set is connected with the low 
brake LB, and the sun gear of the third planetary gear set is 

15 connected with the rotor MR of the motor. When the vehicle 
travels at a low speed or backward, the carrier of the second 
planetary gear set is fixed by means of releasing the high brake HB 
and engaging the low break LB. When the vehicle travels forward 
at a high speed, the ring gear of the third planetary gear set is fixed 

20 by means of releasing the low brake LB and engaging the high 
brake HB therewith. Since the carrier of the second planetary 
gear set rotates forward at this time, if the carrier of the second 
planetary gear set is allowed to rotate forward but locked in the 
opposite direction using an one-way clutch CO as depicted with 

25 dotted lines in the figure in parallel with the low brake, a condition 
becomes same as actuating the low brake at a low speed traveling 
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by preventing the second planetary gear from backward rotation in 
consequence of a reaction force even if any of brakes is released 
without being fixed, and therefore the'output shaft rotates forward 
at a low speed. It becomes high-speed status immediately if the 
5 high brake is actuated, so that the shift shock while transiting from 
low speed to high speed is thereby prevented. (In case of Fig. 14, 
that can be executed using the one-way clutch CO at the position of 
dotted lines,) 

10 (From the Line 1 of Column 9 to Line 42 of Column 10) 

Figs. 18 to 20 show that the motor is arranged at the 
rearmost portion of the vehicle and there are provided hypoid gears 
HPG and HCQ between the speed reduction gears train and the 

15 motor so as to rotate a rear drive shaft RS. The arrangement of 
the speed reduction gear train is similar to those shown in Figs. 15 
to 17, and operation of each gear is also same, but it is different 
from the previous embodiment that the output shaft Oa is mounted 
to the carrier of the third planetary gear set oppositely against the 

20 propeller shaft. Though the input shaft from the engine, the 
electric generator and so on are omitted in these drawings, their 
functions are also similar to those of the previous embodiment. In 
this case, the output shaft Oa is hollow through which a 
transmission shaft is provided for transmitting a torque from the 

25 motor to the sun gear of the third planetary gear set. A hypoid 
pinion gear HPG is mounted on the output shaft and transmits the 

| 
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power to a crown gear HCG meshed therewith so as to rotate the 
rear drive shaft RS. In the embodiments of Figs. 1 to 15, the 
revolution speed of the output shaft is 4000rpm, at the point where 
the traveling resistance is balanced with the mechanical 

5 transmission torque, as shown in Fig. 3, and this is almost lOOkm/h 
if it is translated into vehicle speed. This speed is appropriate to 
drive in suburbs, but too fast to drive in cities. Since a 
redundancy of horsepower always has to be consumed for 
generating the electricity, there is an anxiety for generation of 

10 electricity to be excessive. One countermeasure is to downsize the 
engine comparatively to increase the horsepower of the motor. 

Another countermeasure is that the output shaft is 
overdriven to the engine so as to utilize the engine output 
sufficiently while moving a vehicle, climbing a hill, and driving at a 

15 maximum speed: 0 n the other hand, the engine speed is made lower 
than the output shaft speed and restricted its horsepower, thereby 
to balance the traveling resistance only with the output power 
while driving in the cities. The contents of such method will be 
described hereafter. 

20 Fig. 21 is a fundamental form, oppositely arranging the 

planetary gear set and the electric generator in contrast to Fig. 1. 
According to Fig.2l, moreover, the output shaft is overdriven to the 
engine when a rotor GR of the electric generator is halted by an 
overdrive brake OB. In the Fig. 22, the transmission is executed 

25 from the rotor of the motor side with further reduction of the speed 
of the output shaft 0 2 , for speeding up and weight saving of the 
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motor. The action of the motor is same as that shown in Fig. 8. 
Arrangements according to Figs. 9 and 10 are also possible to be 
employed, however, further explanation is omitted because their 
actions are also same as above. The relation between the 

5 revolution speed of each member and the revolution speed of the 
output shaft of both arrangements is shown in Fig. 23. 

The dotted line represents the revolution speed N* of the 
sun gear and the revolution speed N/ of the carrier when they are 
not overdriven. If the brake is actuated to have the status 

10 overdrive, the sun gear is stopped as indicated with Nsrf. 
Moreover, the revolution speed of the carrier connected with the 
input shaft becomes Nib and rotates at a lower speed than that of 

the output shaft. 

Those torque relationships are similar to that Fig. 3 shows 

15 under non-overdrive status, but the mechanical transmission 
torque is reduced under overdrive status, as shown in Fig. 24. A 
motor torque is added thereto, but becomes smaller output torque 
as a whole than that shown in Fig. 3. Since the electric generator 
is not executing electric generating action on this occasion, the 

20 whole region of the motor torque becomes discharging zone 
electrically. If the electric generator executes electric generating 
action on this occasion, the mechanical transmission torque 
corresponding to the consumed power is reduced. Assuming the 
traveling resistance at the flat road as ikl, an intersecting point k 

25 of the mechanical transmission torque line ac and the line is the 
balancing point between the mechanical transmission torque and 
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the traveling resistance. The driving speed of this? point is around 
50km/h in the drawing, but it is better to actuate the electric 
generator while driving in lower speed than this, and to operate a 
controller in accordance with instructions of the accelerator pedal 
5 as actuating the motor for turning to high speed. 

Because the engine always rotates at a lower speed than that 
of the output shaft in this condition, it is possible to expect a quiet 
driving. On the other hand, if the rotating speed is lowered 
enough for the engine to knock, a normal condition may be achieved 
10 by releasing an overdrive brake. Fig. 25 shows a gear train 
corresponding to that shown in Fig. 14, in case of arranging a 
two-speed axle device on the motor side. A gear train 
corresponding to that of Figs. 15 to 17 is also possible to be 
employed, but explanations for that will be omitted since that is 
15 easily understood with referring to the drawings. Fig. 26 shows a 
gear train corresponding to that shown in Fig. 18, arranging a final 
speed reduction gear as a hypoid gear at the intermediate portion 
between a speed reduction gear train and the motor. Since it is 
easy to understand that such trains of gears as corresponding to 
20 Figs. 19 and 20 are also possible, further explanations will be 
omitted. Fig. 27 shows a torque curve in this condition. A 
horizontal axis represents a rotating speed of the output shaft, and 
a vertical axis represents an output shaft torque in accordance with 
each driving condition, in contrast to an engine torque. A dotted 
25 line and a dashed line are same as a low-speed range and a 
high-speed range shown in Fig. 13. 
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(From line 11 of Column 11) 

..The planetary gear Bystem shown in said each embodiment may 
5 be replaced with a planetary gear set system having no internal 
gear as shown in Figs. 28 and 29. In Figs. 28 and 29, C 
corresponds to a carrier, Si, Sa, Ss correspond to a first and a third 
sun gears, and Pi, Pa, Ps correspond to a first, a second, and a third 
planetary gears, acting same as the simple planetary gear pair. 
10 A depiction of Fig. 30 is basic and corresponds to Fig. 8. 

Fig. 31 is in the case of changing a deceleration of a motor in 
two-speed, with the second planetary gear set corresponding to that 

shown in Fig. 29. 

Fig. 32 is an example showing a final speed reduction gear 

15 adopted as a hypoid gear and the motor arranged rearward. Since 
its function is same as that of Fig. 30, a particular explanation for 
that will be omitted. In this case, moreover, it will be easy 
understood from the above embodiment that the second planetary 
gear set may be same as that of Fig. 29. 

20 According to these arrangements, moreover, the propeller 

shaft may be overdriven to the engine. For example, not shown 
especially but in case of Fig.30, if the rotary field GF is fixed when 
a vehicle is at a high speed, it rotates at a higher speed than the 
carrier of the armature side. That is, the relationship between the 

25 rotary field and the rotor of the electric generator in Fig. 14 is 
replaced with the one between the armature of the electric 
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generator and the rotary field in Fig.30. That construction is 
easily made if an overdrive brake is mounted on the rotary field and 
a parking brake is mounted on the propeller ehaft. 
[Claims] 

1. A differential type electromotive continuously variable 
transmission in a transmission device for a vehicle which is 
constructed of a internal combustion engine as a prime mover and 
an electric generator combined with an electric motor as a 
transmission, characterized: 

in that a high output is obtained by means of 
connecting an input shaft from the internal combustion engine with 
a carrier of a simple planetary gear set; connecting a sun gear of 
said simple planetary gear pair with an armature of the electric 
generator; connecting a ring gear of said simple planetary gear set 
with a rotary field of the electric generator and an output shaft; 
fixing a field of a motor to a vehicle! connecting an armature of the 
motor with said output shaft; driving a vehicle by combined torques 
outputted from a prime mover and the motor, applied to said output 
shaft: generating electricity by a difference of revolution speed 
between the sun gear and the ring gear of said planetary gear set 
and store the electricity temporarily in a storage battery provided 
separately, and: regenerating the electricity and sending it to the 
electric motor at moving a vehicle, at moving the vehicle, while 
accelerating abruptly, while climbing a up-hill slope, and while 
driving at a high speed. 
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2. A differential type electromotive continuously variable 
transmission in a transmission device for a vehicle which is 
constructed of a internal combustion engine as a prime mover and 
an electric generator combined with an electric motor as a 

6 transmission, characterized: 

in that an electric motor is rotated at a high speed and 
thereby minimized by means of connecting an input shaft from the 
internal combustion engine with a carrier of a simple planetary 
gear set; connecting a sun gear of said simple planetary gear set 

10 with an armature of the electric generator; connecting a ring gear 
of said simple planetary gear pair with a rotary field and an output 
shaft of the electric generator! fixing a field of the motor to a 
vehicle, and; connecting the armature of the motor with said output 
shaft through a deceleration device. 
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3. A differential type electromotive continuously variable 
transmission according to Claims 1 and 2, characterized: 

in that a high output is obtained by means of arranging an 
overdrive brake at a first rotor of the electric generator between a 
case with allowing the rotating part both rotating and stopping] 
driving a. vehicle by combined torques outputted from a prime 
mover and the motor, applied to said output shaft at a normal 
driving; storing an electric output temporarily in a storage battery, 
and; regenerating the electricity and sending it to the electric 
motor at moving the vehicle, while accelerating abruptly, while 
climbing a up-hill slope, and while driving at a high speed; and, 
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in that the overdrive brake is activated at an economical 
driving to rotate the output shaft at a high speed against the prime 
mover so as to reduce the revolution speed of the prime mover 
against game vehicle speed, and the excess or deficiency of the 
5 output and a vehicle traveling resistance is adjusted by absorbing 
with the electric generator or by generating an output with the 
electric motor. 

4. A differential type electromotive continuously variable 
10 transmission according to Claims 1 to 3, characterized in that a 
simple planetary gear set is replaced with a planetary gear set 
having no internal gear. 
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